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1 Introduction
Certificates of positivity have their roots in fundamental
mathematics and date back to the 1900s and the work of
Hilbert. New applications for these old tools emerged in do-
mains as robust optimization, global optimization and poly-
nomial programs. These domains can be seen as a subclass
of semi-infinite programming and are characterized by in-
finite constraint sets. Finding exact solutions or finite re-
tractable reformulations is impossible in nearly all cases.
Certificates of positivity allow to replace the infinite con-
straint set by a retractable inner approximation. The solu-
tions of these reformulated problems will approximate the
optimal solution of the original problem, while they are
guaranteed to be feasible for the original infinite set of con-
straints.
Positivity certificates can be divided into two categories,
depending on the type of inequalities they invoke. Semi-
definite programming (SDP) certificates yield linear matrix
inequalities (LMIs) in the polynomial coefficients and gen-
erally rely on the fact that a sum of squared polynomials is
positive (see e.g. [3] for a recent survey). SDP certificates
are broadly applicable as the positivity domain can be any
semi-algebraic set. They generally introduce limited conser-
vatism, and in particular cases they even yield an exact solu-
tion. On the downside, solving LMIs involves a high compu-
tational cost. The second category are linear programming
(LP) certificates, as for instance obtained from the work of
Po´lya [2] and Handelman [1]. They translate into scalar lin-
ear constraints on the coefficients and are therefore compu-
tationally much cheaper than SDP certificates. On the other
hand, they are generally more conservative and only asymp-
totically exact for convex polyhedral positivity domains.
2 Methology
We introduce a new type of LP certificates based on the
properties of B-splines, positivity and partition of unity.
These certificates are shown to be asymptotically exact on
hyperrectangles, convex polyhedral as well as on particular
non-convex and non-polyhedral sets. Being more general
applicable then Po´lya is a first advantage of our method. A
second advantage would be that it provides an alternative
way of basis extensions. Besides degree elevations, which
have a global influence, there is the possibility to use knot
insertion for basis extensions. Knot insertions allow for lo-
cal refinements which result in faster convergence.
3 Results
For every relaxation method a tradeoff between conser-
vatism and computational cost must be. By examining prob-
lems that can be solved with Po´lya, we make a direct com-
parison between these two methods. Our method can obtain
equal conservative at a lower computational cost.
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Figure 1: The Motzkin polynomial (left) approximated with
Po´lya (middle), and our method (right).
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